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This  report  covers  the  development  of  a circular  seamless  weaving  technique  j 
to  produce  a basic  Kevlar  cloth  suitable  for  co'lapsible  fuel  tanks.  An 
80-inch  lay-flat  tube  was  produced  and  four  (4)  experimental  tanks  were  j 
manufactured.  ! 
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This  report  covers  the  development  effort  relating  to  a circular  seamless 
weaving  technique  to  produce  a basic  Kevlar  cloth  tube  suitable  for  col- 
lapsible fuel  tank  construction. 

In  the  past,  the  generally  accepted  method  of  fabricatina  collapsible 
Fuel  Storage  Containers  has  been  to  utilize  roll  good  materials  that  are 
machine  coated,  which  are  then  cut,  seamed,  and  vulcanized  into  a finisned 
product. 

The  desirability  to  increase  performance  and  miniminize  potential  problems 
of  seam  failures  can  be  accomplished  by  eliminating  all  of  the  seams  ex- 
cept for  the  end  closures  through  the  utilization  of  a woven  tube. 

In  addition,  the  desire  to  increase  storage  capacity  of  collapsible  fuel 
containers  by  retaining  current  ground  contact  areas  and  container  dimen- 
sions can  only  be  accomplished  through  higher  fuel  heads.  Since  the  con- 
tainer fabric  stresses  are  directly  proportional  to  the  tank  height  squared, 
as  shown  in  the  formula  below,  stronger  materials  are  required  to  accomplish 
this  without  increasing  fabric  thickness  and  weight. 


T . W <$2  . f) 

T - fabric  stress,  lbs/in. 

W = fluid  density,  lbs/in. 
h = Tank  height,  inches 
a - fluid  height  in  stand  pipe, 


Utilization  of  Kevlar  yarns  in  the  base  cloth  offers  a significant  strength  ] 

improvement  over  nylon,  therefore,  the  primary  objective  of  this  development  j 

effort,  was  to  develop  a weaving  technique  to  produce  a seamless  Kevlar 
tube  cloth.  i 

| 

Four  (4)  80-inch  square  lay-flat  experimental  fuel  containers  were  fab- 

ricated  from  a 2 x 1 modified  oxford  weave  tube  cloth.  The  containers  \ 

I 

were  coated  with  a new  polyurethane  elastomer  having  improved  hydrolitic  > 

properties.  1 


i 

II  OBJECTIVES  - j 

The  primary  objective  of  the  R J D effort  was  to  develop  a weaving  technique 
to  produce  a seamless  Kevlar  cloth  tube,  suitable  for  use  ir.  the  construc- 
tion of  collapsible  static  storage  fuel  containers.  In  addition  to  the 
development  of  the  weaving  technique,  the  R & D effort  was  also  directed 
towards  application  of  a post  weave  cloth  adhesive  treatment. 
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Four  (4)  experimental  80-inch  lay-flat  experimental  fuel  containers  were 
manufactured  by  GAC  from  a seamless  Kevlar  tube  cloth  as  developed  under 
this  contract  by  Huyck  Research  Center  per  GAC  and  specification  require- 
ments. 

The  primary  objective  was  to  develop  a weaving  technique  for  a seamless 
Kevlar  tube  cloth  suitable  for  use  in  static  storage  fuel  containers. 

Many  experimental  samples  were  produced,  tested  and  evaluated  with  a 2 x 1 
modified  Oxford  weave  cloth  selected  as  exhibiting  the  best  overall  desired 
physical  and  visual  properties.  The  problems  encountered  with  the  tubular 
cloth  related  primarily  to  edge  damage  in  the  fill  yarns.  The  filament 
damage  in  the  fill  yarns  was  also  more  noticeable  on  the  plain  and  2 x 2 
basket  weaves.  Applying  a very  light  wax  coating  to  the  warp  yarns  showed 
some  but  no  significant  improvement.  Changes  and  refinements  in  loom  tuning 
by  Huyck  greatly  improved  cloth  appearance  over  the  initial  samples.  Some 
of  the  problems  in  filament  damage  at  the  edges  is  directly  related  to  the 
laboratory  looms  used  to  produce  the  80-inch  lay-flat  tube.  It  is  felt  that 
production  type  loom  equipment  which  is  equipped  with  the  latest  edge  formation 
technology  could  produce  an  acceptable  tubular  cloth. 

Tubular  cloth  finish  is  very  important  when  the  elastomer  is  app’ied  by  the 
spray  process,  since  the  elastomer  adheres  to  raised  broken  filaments  and 
thus  produces  a very  rough  surface  finish.  In  addition  more  elastomer  is 
required  for  smooth  even  coverage  which  increases  the  coated  fabric  weiyht. 

The  area  requiring  additional  effort  is  in  the  method  of  applying  and  drying 
the  adhesive.  GAC  applied  the  adhesive  by  spraying  and  then  hanging  the 
tubes  in  drying  areas.  This  approach  would  not  be  possible  on  large  pro- 
duction seamless  tubes. 

The  capability  of  weaving  a seamless  Kevlar  tube  cloth  has  been  demonstrated; 
however,  additional  refinements  are  required  before  utilizing  this  approach 
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on  a quantity  production.  The  next  step  should  be  to  produce  a large  tube 
on  a production  type  loom  to  determine  if  edge  formation  is  improved  and 
filament  damage  is  eliminated. 

The  test  data  shows  that  the  requirements  of  the  specification  were  generally 
met  and  appear  to  be  reasonably  attainable  goals. 

A new  polyester  polyurethane  with  improved  hydrolitic  properties  was  used  in 
the  fabrication  of  the  containers.  The  container  weights  were  approximately 
37  pounds  each,  which  is  slightly  heavier  than  anticipated  and  is  due  to  more 
coaus  of  spray  passes  being  applied  to  obtain  even  coverage  over  the  filament 
damaged  areas. 

The  experimental  fuel  containers  should  perform  satisfactorily  in  the  field 
test  and  appear  to  be  structurally  sound. 

Refinements  of  the  weaving,  finishing  (adhesive  application),  and  handling 
of  the  seamless  tube  cloth  will  be  required  so  that  finished  quality  is  in 
line  with  roll  width  goods. 

It  appears  that  the  goods  of  the  R 4 D effort  in  producing  a basic  seamless 
Kevlar  tube  cloth  have  been  achieved  with  additional  refinements  being  de- 
sirable. 
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IV  DISCUSS  low 

A.  Kevlar  Tube  Cloth  Development 

The  physical  characteristics  of  the  Kevlar  cloth  as  established  the 
Purchase  Description  titled;  Tank,  Experimental,  Elastomeric  Coated 
Kevlar  Fabric,  Collapsible,  For  Liquid  Petroleum  Fuels  (dated  2 December, 
1976)  are  listed  below. 


Character!' sties  of  Kevlar  Cloth  ^ 


TEST  METHOD  OF 

PROPERTY 

REQUIREMENT 

FED.  STD.  NO.  191 

Thread  count, 

5050 

warp  & fill 

36  x 36  (min) 

Weave 

2x2  Basket 

5041 

5030.2 

Weight 

Record 

Thickness 

.025  inch  (max) 

Tearing  strength, 
warp  4 fill 

Breaking  strength, 
warp  4 fill 

Weathering  resistance, 

200  pounds  (inin) 

5134  y 

5104  -l 

1300  pounds/ inch  (inin) 

after  100  hrs. 
exposure  at  1% 

50%  retention  of  initial 

5804  y 

elongation 

breaking  strength  (Min) 

5104 

Footnotes : 


1/  The  edges  of  the  tear-test  specimen  shall  be  coated  by  dipping  into  or 
brushing  with  an  adhesive  that  will  preclude  yarn  slipping  while  under 
test  (see  6.4) 

2/  Ends  of  specimens  for  Break iny  Strength  Test  shall  be  coated  by  dipping 
into  or  brushing  with  an  adhesive  that  will  preclude  yarn  slipping  under 
test  (see  6.4).  Only  those  parts  that  are  to  be  held  in  the  clamps  during 
test  will  be  so  treated. 

3/  Alternate  Corex  D filters  removed.  Specimens  shall  be  raveled  for 
Method  5104  after  accelerated  weathering. 
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DISCUSSION  (cont'd) 

for  the  purpose  of  evaluating  and  determining  optimum  fabric  performance, 
weave  patterns  other  than  those  specified  in  Table  I of  the  Purchase  Des- 
cription were  v^aluated.  Goodyear  Aerospace  Corporation  (GAC)  initially 
established  pipchas^  specifications  for  a 2 x 2 basket  and  a plain  weave 
Kevlar  tuba  c .of" 

The  initial  woven  Kevlar  tube  cloth  sample  showed  severe  warp  filament 
breakage  and  yarn  pi  1 i ng  in  the  2 x 2 basket  weave  using  1000  denier, 

15  tpi  Kevlar  warp  and  filling  in  a 36  x 36  construction.  The  filament 
damage  was  attributed  to  a combination  of  several  factors,  namely  the 
fragile  nature  of  the  Kevlar  yarns  which  were  woven  without  sizing  or 
other  protective  coating;  the  severe  working  of  the  warp  yarns  during 
insertion  of  72  picks  per  inch  total  (top  and  bottom  cloth);  and  possible 
marginal  loom  settings.  The  Kevlar  tube  cloth  showed  progressively  worse 
yarn  damage  toward  the  loom  edge  which  made  it  unacceptable  for  use  in 
PILLOW  tanks. 

In  a meeting  with  GAC,  Huyck  Research  Center  personnel,  and  the  contracting 
office's  representative,  various  approaches  to  improve  the  quality  of  the 
Kevlar  tube  cloth  were  selected.  These  items  are  expanded  upon  below  in 
the  sequence  in  which  they  were  tried. 

1.  In  place  of  the  2x2  basket  weave  with  a count  of  36  x 36  using 
1000  denier  yarns  in  both  directions,  the  filling  was  constructed 
with  two  1000  denier  yarns  plied  together  with  a very  low  twist 
angle  to  produce  a 2000  denier  yarn  with  good  flattening  charac- 
teristics. This  yarn  was  woven  at  18  p»cks/inch  filling  in  an 
Oxford  weave  to  produce  a fabric  which  very  closely  resembles 
the  original  basket  weave  fabric.  This  construction  reduced  the 
abrading  action  of  heddles,  reed,  and  shuttle  to  one-half  of  that 
occurring  in  the  initial  construction.  This  redueed  warp  working 
reduces  warp  yarn  damage  in  the  loom.  Nr  change  in  physical  charac- 
teristics were  expected  other  than  a very  modest  increase  in  thickness. 
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2.  A very  light  application  (probably  less  than  0.1X  by  weight)  of  a 
parafin  base  wax  known  to  be  effective  in  reducing  Kevlar  abrasion 
was  applied  to  the  warp  yarn  as  it  entered  the  loom  shed.  The 
effects  of  wax  treatment  on  coating  adhesion  and  other  properties 
we^::  evaluated  by  GAC. 

3.  Attempts  were  also  made  to  produce  plain  weave  fabric  at  36  ppi  witi 
1000  denier  and  also  at  26  ppi  with  1500  denier  filling  yarn. 

As  a result  of  the  meeting,  Huyck  Research  Center  produced  four  (4) 
Kevlar  tube  samples  Incorporating  the  changes  outlined  above.  T!v 
samples  produced  were  as  follows: 

a.  36  picks/inch,  1000  denier  Kevlar  filling  in  a 2 x 2 oasket 
weave  (per  the  original  specification) 

b.  26  picks/iRch,  1500  denier  Kevlar  filling  in  a 2 x 2 basket 
weave. 

c.  18  picks/inch,  2 ply  1000  denier  filling  in  a modified  Oxford 
weave. 

d.  24  picks/incn,  1000  denier  Kevlar  filling  in  a plain  weave. 


GAC's  evaluation  of  the  above  samples  indicated  that  the  1500  denier 


Kevlar  filling  in  a 2 x 2 basket  was 
fabric  did  not  have  sufficient  picks 
strength. 

The  two  fabrics  that  showed  the  most 
the  1000  denier  Kevlar  filling  and  a 
the  loop  samples  were  lightly  singed 
filaments  did  not  greatly  affect  the 


too  sleeze  and  the  plain  weave 
to  obtain  the  required  tensile 

promise  were  the  2x2  basket  with 
modified  Oxford  weave.  The  edges  of 
by  hand.  Singeing  of  the  broken 
appearance  of  the  sample  fabric* 
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DISCUSSION  (cont'd) 

Small  samples  of  the  2x2  basket  (1000  denier)  and  the  modified  Oxford 
were  polyurethane  coated  to  determine  the  sprayability  of  the  fabric. 

Both  fabrics  had  many  broken  filaments  to  which  the  spray  coating  adhered,  | 
resulting  in  a very  rough  surface  finish.  The  broken  filaments  were  more  i 

a 

discernable  after  the  cloth  was  spray  coated.  | 

This  type  of  cloth  appearance  is  not  acceptable  for  the  spray  coating  since  1 
it  requires  the  buffing  of  the  broken  filaments  after  the  initial  spray  J 
coat  to  obtain  a smooth  surface.  | 

I 

Since  none  of  the  preceeding  samples  included  a light  wax  application  on  | 
the  warp  yarns  and  since  the  broken  filament  problem  still  existed,  Huyck  ( 

Research  Center  produced  two  (2)  additional  modified  Oxford  cloth  samples 
which  consisted  of  (1)  a light  wax  application  on  the  warp  yarns,  and 
(2)  a finer  tuning  of  the  weaving  looms. 

Screening  tests  for  tensile,  elongation,  tear,  gauge,  and  weight  showed 
the  modified  Oxford  weave  cloth  to  meet  the  specification  requirements, 
except  for  marginal  tensile  strengths  at  the  loop  turn-around  edge. 

Huyck  Research  Center  produced  the  above  two  (2)  samples  in  late  November 
1977.  Examination  of  these  samples  showed  a marked  improvement  in  the 
amount  of  filament  damage  at  the  tube  edges.  However,  broken  filaments 
were  still  present  at  the  edges  in  both  the  waxed  and  non-waxed  yarns. 
Attempts  to  burn  or  singe  the  broken  filaments  did  not  improve  the 
appearance,  in  fact,  singeing  produced  a rougher  texture  or  finish. 

Tests  also  indicated  that  singeing  affects  tensile  strength. 

The  samples  were  also  evaluated  for  sprayability  and  for  the  effect  the 
light  wax  application  might  have  on  coat  adhesion.  Spray  coating  the 
cloth  with  a new  polyurethane  elastomer  produced  a very  rough  surface 
finish  caused  by  the  spray  adhering  to  the  broken  filament  yarns.  A 
closer  examination  revealed  that  the  adhesively  treated  cloth  produced 
a rougher  finish,  than  the  non-treated  cloth.  Normally  the  adhesive  is 
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DISCUSSION  (cont'd) 

applied  to  the  cloth  either  by  dipping  or  spraying.  To  expedite  these 
samples  the  adhesive  was  brushed  onto  the  cloth.  It  appears  that  brushing 
caused  the  broken  filaments  to  be  raised,  thus  amplifying  the  broken 
filament  problem.  The  experimental  tanks  were  produced  by  spraying. 

A review  of  the  tensile  and  tear  strength  data  on  the  experimantal  coated 
fabric  shows  that  the  tensile  strength  of  the  coated  fabric  was  reduced 
significantly  in  the  fill  direction  at  the  edge  turnaround  of  the  woven 
tube,  while  warp  and  fill  tensile  strength  in  the  center  sections  were 
within  the  minimum  specification  requirements.  Differences  in  pick  lengths 
in  the  fill  direction  and  fill  thread  alignment  from  top  to  bottom  of  the 
tube  at  the  edge,  which  produce  a curved  test  specimen  appeared  to  be  the 
cause  for  low  fill  tensiles.  The  misalignment  and  pick  length  variations 
resulted  in  individual  yarn  breakage  and  edge  loadings  due  to  the  low 
elongation  of  the  Kevlar  cords.  The  coating  locks  up  the  cloth;  so  that 
individual  yarns  begin  to  break  on  the  one-inch  wide  test  specimen.  Test 
da  r.  on  the  cloth  for  the  turnaround  edge  showed  that  the  tensile  strength 
at  che  edges  met  the  specification  requirements  except  for  the  singed 
edge  sample. 

A review  of  the  edge  tensile  data  indicated  that  the  strength  reduction 
could  be  attributed  to  small  differences  in  pick  lengths  which  are  con- 
centrated at  the  loom  edges.  Uncoated  filling  tensile  strength  tests 
indicate  that  yarn  damaqe  by  weaving  is  insignificant.  It  appeared  that 
the  coating  iirtuobi  1 i zed  the  filling  yarns  so  that  slight  local 
irregularities  in  pick  length  resulted  in  lower  tensile  strength  on  the 
coated  fabric  edges.  Huyck  Research  Center  adjusted  their  tube  cloth 
in  order  to  improve  and  perfect  the  cloth  edges.  It  was  pointed  out  by 
Huyck  that  the  loom  used  for  the  80- inch  tube  is  not  fitted  with  the 
latest  edge  formation  equipment  which  does  exist  on  larger  production 
looms. 
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The  adhesion  data  showed  that  the  light  wax  application  on  the  warp  yarns 
did  not  affect  the  coat  adhesion  levels  of  the  treated  cloth.  The  slight 
wax  application  appeared  to  give  a better  fabric  finish,  therefore  this 
process  was  incorporated  into  the  cloth  purchase  specification  for  the 
experimental  Kevlar  PILLOW  tanks. 

As  a result  of  discussions  with  Huyck  Research  Center  personnel,  it  is  felt 
that  further  efforts  to  improve  the  Kevlar  cloth  finish  would  not  have  been 
meaningful  on  the  current  equipment.  GAC  therefore,  released  Huyck  to 
complete  the  weaving  of  tube  cloth  as  required  for  this  development  effort. 
It  should  be  pointed  out  that  the  weaving  improvements  from  the  initial 
rough  samples  to  the  current  modified  Oxford  weave  finish  cloth  were 
signi ficant. 

The  production  run  of  the  80-inch  lay-flat  modified  Oxford  weave  Kevlar 
tube  was  inspected  for  fabric  defects,  edge  fraying,  broken  filaments, 
lay-flat  width,  and  general  appearance.  The  visual  inspection  revealed 
broken  filaments,  throughout  the  tube,  which  were  particularly  noticeable 
at  the  edges.  The  general  appearance  of  the  woven  tube  was  much  improved 
over  the  many  earlier  samples  produced  by  Huyck.  Edge  fraying  and  filament 
damage  was  also  improved.  The  lay-flat  width  averaged  between  78  1/2  to 
79-inches.  Broken  filament  damage  was  greater  on  the  exterior  than  on  the 
sleeve  interior. 

Spraying  small  samples  of  cloth  with  elastomer  accentuated  the  broken 
filament  pro  ties,  ir.  that  it  piuuuceu  a very  rougn  surface  caused  by  the 
elastomer  adhering  to  the  raised  broken  filaments. 

Singeing  of  the  cloth  after  adhesive  application  burns  off  most  of  the 
broken  filaments;  however,  some  additional  buffing  is  still  required  after 
application  of  the  polyurethane  elastomer. 

A meeting  was  held  at  GAC  on  March  29,  1978  between  Huyck,  GAC  and  the 
contracting  officers  representative  to  inspect  the  woven  Kevlar  tube 
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Cloth  and  to  review  the  developments  of  the  weaving  process.  The  seam- 
less Kevlar  tube  development  effort  demonstrates  the  technical  feasibility 
of  weaving  a basic  cloth  tube  suitable  for  collapsible  fuel  tank  con- 
struction. Additional  development  effort  is  required  to  reduce  warp  yarn 
damage  in  the  weaving  process. 

Huyck  personnel  expressed  the  opinion,  that  filament  damage  woulo  be 
greatly  reduced  on  production  loom  equipment,  which  is  equipped  with 
ultimate  edge  formation  technology. 

B.  Kevlar  to  Polyurethane  Adhesive 

Adhesion  samples  were  prepared  using  previously  developed  GAC  Kevlar 
to  polyurethane  adhesive.  For  the  initial  screening  tests  the  drying 
conditions  and  concentration  of  ingredients  were  varied.  The  data  on 
these  initial  samples  is  reported  in  the  following  two  tables. 


Adhesive 

Bake  Time 

A Temp. 

Original 

(Ibs/in) 

Dry  Heat 
§ 140°F 
(lbs/ in) 

72  Hour  Soak 
in  Medium 
#5  (lbs/in) 

Untreated 

13.5/11 

/ 1 0 . 6 

7. 5/5. 2 

D-1660-F-484 

5 <?  250 

20 

21/25 

10.5/14.5 

M 

20  ? 250 

27 

21/28 

9.5/13 

If 

5 0 325 

23/27 

24/28 

11 .5/14.5 

20  0 325 

22/28 

25 

If 

5 @ 400 

20/17 

24 

14/15.5 

D-1660-F-485 

5 9 250 

13/19.5 

12/14 

7. 5/7. 7 

if 

20  9 250 

12/16.5 

10.5/19.5 

7/6.5 

M 

5 9 325 

11.5/15 

10/13 

7. 2/7. 2 

U 

20  9 325 

13.5/12.5 

15/12.5 

7.8/10 

ft 

5 9 400 

14.5/18.5 

11.5/15 

9.5/7. 5 
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Adhesive 

Original 

75°F  & 50%  R.H. 

QMlni 

Dry  Heat 

0 140°F 
hbs/in) 

72  Hour  Soak 
Medium  #5 
(Ibs/’in) 

139-1 

(D1660F484) 

28/36 

16/- 

11/- 

139-2 

19/23 

15/- 

6.5/- 

139-3 

28/32 

14/- 

9/- 

139-4 

30/30 

14.5/34 

9/- 

None 

11.5/13.5 

13/17.5 

7.5/9 

NOTE:  Adhesive  bake  time  and  temperature  for 
0 250°F. 

samples  was  5 minutes 

During  fabrication,  air  bubbles  were  trapped  in  the  adhesive  between  the 
two  plies  of  the  adhesion  test  samples  listed  in  the  above  table.  Upon 
testing  the  samples  failed  at  the  weakest  interface,  which  contained  the 
air  bubbles.  As  a result,  accurate  fabric  adhesion  values  could  not  be 
obtained  for  these  samples.  The  fuel  soak  and  heat  aging  apparently 
effected  the  bubbled  interface. 

A new  set  of  adhesion  samples  were  prepared  using  a fabrication  process  that 
eliminated  the  air  bubbles  in  the  adhesive.  This  allowed  the  accurate  determi 
ation  of  the  adhesion  level  and  prevented  serious  deterioration  by  the  fuel 
soak  and  heat  aging.  The  test  results  of  the  new  samples  are  listed  in  the 
table  below. 


Adhesive 

Original 

75°F  & 50S  R.H. 
(Ibs/in) 

Dry  Heat 

0 140°F 
(lbs/in) 

72  Hour  Soak 
Medium  #5 
(Ibs/in) 

139-1 

(01660F484) 

32/39 

33/67 

31/34 

139-2 

33/36 

48/53 

36/32 

139-3 

35/56 

45/54 

23/25 

139-4 

35/47 

48/60 

32/32 

None 

13/15 

6/6 

14/13 

NOTE:  Adhesive  bake  time  and  temperature  for  samples  was 

5 minutes  0 I 
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All  of  the  adhesive  screening  tests  were  conducted  using  an  available 
Kevlar  cloth.  Based  on  the  data  and  past  experience,  the  139-1  (1660F484) 
adhesive  was  selected  for  the  experimental  Kevlar  containers. 

Adhesion  data  for  samples  fabricated  from  the  seamless  Kevlar  tube  cloth 
for  both  wax  bar  treated  and  non-treated  (see  Section  IV  A)  filling  yarns 
indicated  no  appreciable  difference  in  adhesion  levels.  Therefore,  the 
wax  bar  treated  filling  yarns  could  be  utilized  if  a decrease  in  the 
amount  of  yarn  damage  were  noticeable. 

The  adhesive  can  be  applied  either  by  brushing,  rolling,  dipping  or 
spraying.  However,  in  the  final  container  fabrication  process,  the 
spray  application  was  utilized,  since  brushing  and  rolling  accentuated 
the  filament  yarn  damage. 

C.  Container  Fabrication 

The  experimental  80-inch  lay-flat  containers  were  fabricated  from  the 
2 x 1 modified  Oxford  weave  Kevlar  tube  cloth.  The  adhesive  was 
applied  by  spraying  to  minimize  the  raising  of  the  broken  filaments 
which  were  more  noticeable  after  adhesive  application.  Attempts  to 
singe  the  broken  filaments  after  adhesive  treatment  did  not  signifi- 
cantly improve  the  sprayability  of  the  cloth. 

From  a visual  viewpoint  the  cloth  appearance  was  good;  however,  upon 
spraying,  the  adhesive  of  the  elastomer  to  the  filaments  produced  a very 
good  rough  surface  finish.  This  required  each  spray  pass  of  the 
elastomer  to  be  buffed  and  sanded. 

The  elastomer  coating  material  utilized  in  the  manufacture  of  the  ex- 
perimental fuel  containers  and  samples  was  a new  polyester  polyurethane 
having  improved  hydrolytic  properties.  The  exterior  bottom  of  the  con- 
tainers are  overcoated  with  a coat  of  polyester  polyurethane  to  provide 
for  better  fungus  resistance. 
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A 16-inch  by  10-inch  oval  compression  type  fitting  with  dual  flanges 
was  incorporated  into  the  center  of  each  tank  to  provide  for  access 
and  attachment  of  fill  and  discharge  hardware  as  required.  The  com- 
pression fitting  is  shown  on  Goodyear  drawing  ADP8001745. 


A cross-section  of  the  completed  fitting  assembly  including  the  fabric 
flanges  is  shown  in  Figure  5. 

Figures  1 through  3 show  the  finished  experimental  containers  in  a flat 
and  inflated  condition.  The  approximate  finished  weight  of  each  con- 
tainer was  37  pounds. 


The  ends  of  the  container  tube  were  closed  with  a 5-inch  lap  type  seam. 
The  corners  were  closed  and  sealed  against  leakage  through  the  use  of 
special  fabric  tabs  left  in  the  end  seam  flap. 


The  size  of  the  containers,  location  of  fittings  and  handles  were  as 
shown  in  Figure  4. 


-COMPRESSION  FITTING  ~IO"*  16 " 


OPENING , APP  600/746  & F/G.  2 


12.00  i 


FITTING  FLANGE 


^ CHAFING  PATCH  -36.00  DM 

Unsioc  opposite  fitting! 


L HANDLE  ON  BOTTOM  SURFH^  £ 


Experimental  Kevlar  Pillow  Tank 


SIZE  * APPROX.  60  IN.  SQUARE 


FIGURE  4 
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V TESTING 

The  test  data  on  the  physical  properties  of  the  Kevlar  cloth,  coatings, 
coated  fabric,  seams  and  fittings  is  presented  in  Tables  I through  V. 

For  comparison  purposes  the  actual  data  as  well  as  the  specification 

i 

requirements  are  presented.  In  general,  the  actual  data  exceeds  the 
specification  except  for  a few  areas,  where  results  are  marginally  below 
specification  requirements. 

The  Kevlar  cloth  tensile  strength  is  slightly  below  the  1300  lbs/inch 
goal  for  an  average  of  five  samples,  however,  the  tensile  value  range 
was  from  1120  lbs/ inch  to  1400  lbs/ inch. 

The  new  polyester  polyurethane  has  improved  hydrolitic  properties,  and  is 
also  lower  modulus  polyurethane,  therefore  tensile  strength  for  both  original 
and  at  200%  elongation  is  reduced. 

The  fuel  diffusion  test  on  the  coated  fabric  is  extremely  high,  which  can 
be  attributed  to  the  buffing  and  sanding  that  had  to  be  performed  after 
each  spr»y  to  obtain  a smooth  surface  finish.  It  is  quite  likely  that  the 
fuel  barrier  was  buffed  or  sanded  off  in  certain  areas. 

The  metal  peel  adhesion  samples  after  imntrsion  in  Medium  05  fuel  appeared  to  j 
be  low  with  the  failure  orobably  being  in  the  adhesive  to  the  cloth.  These  1 
tests  were  rerun  to  determine  the  exact  mode  of  failure,  this  data  is  shown  1 ' 

in  fable  VI.  I ; 

i I 

n"  four  (4)  experimental  tanks  were  pressure  tested  at  one  (1)  psi  and 
checked  with  a soap  solution  for  leakage.  Two  the  containers  had  minute 
pinholes  resulting  from  swags  and  imperfections  (yam  damage)  i;t  the  base 
cloth.  These  were  repaired  and  the  containers  retested.  Figures  2 and  3 
show  the  tanks  on  test. 
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VI  CONCLUSIONS  AND  RECOMMENDATIONS 

The  technical  feasibility  of  weaving  a seamless  Kevlar  tube  cloth  has  been 
demonstrated  on  an  80-inch  wide  loom.  Many  variations  of  weave  types  were 
tried  with  The  2 x 1 modified  oxford  weave  shown  in  Fiqure  6 was  selected 
to  meet  the  goals  of  the  specification.  The  major  difficulties  encountered 
were  with  warp  yarn  damage  at  the  tube  turn-around  edge.  The  warp  yarn 
damage  was  significantly  reduced  on  the  final  tube  cloth  over  earlier  trial 
samples.  However,  the  application  of  the  inner  and  outer  coatings  by  a 
spray  process  requires  the  cloth  to  be  smooth  and  free  of  filament  damage. 

If  the  cloth  has  broken  filaments  the  sprayed  elastomer  adheres  to  them 
and  produces  a very  rough  surface  finish. 

Additional  development  will  be  required  to  eliminate  and  reduce  filament 
damage.  Huyck  personnel  feel  that  damage  would  be  greatly  reduced  on 
production  loom  equipment,  where  tighter  edge  formation  technology  can  be 
util i zed. 

On  the  80-inch  lay-flat  tube  the  adhesive  was  applied  and  baked  at  Goodyear 
Aerospace  Corporation  (GAC).  However,  on  production  size  seamless  tubes, 
this  should  be  accomplished  at  the  weaving  mill  to  reduce  handling  and 
possible  damage.  The  problem  of  adhesive  application  and  handling  the 
tubular  cloth  at  the  weaving  mills  will  require  further  study  with  the 
possible  addition  of  new  equipment. 

Based  on  this  development  effort,  along  with  anticipated  weaving  improvements 
on  production  looms,  we  feel  that  a quality  woven  seamless  Kevlar  tube 
cloth  suitable  for  use  in  the  fabrication  of  collapsible  fuel  containers 
could  be  produced.  A trial  production  tube  would  have  to  be  produced  to 
prove  out  the  expected  improvement. 

If  the  filament  damage  cannot  be  eliminated  completely  on  the  seamless  Kevlar 
tube,  then  an  alternative  approach  would  be  to  weave  the  cloth  in  flat 
widths  up  to  twelve  feet.  The  utilization  of  the  wider  twelve  foot  cloth 
would  reduce  the  number  of  seams  by  a factor  of  3,  and  therefore,  minimize 
field  seam  problems. 
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CHARACTERISTICS  OF  UNCOATED  KEVLAR  CLOTH 


TABLE  I 


PURCHASE  DESCRIPTION 


PHYSICAL  PROPERTIES 


TEST  METHOD 


PARAGRAPH REQUIREMENT 


ACTUAL  DATA 


Square 

2x2  Basket 


Modified  Oxford 
2 x 1 


Thread  Count,  Warp  4 Fill 
Single  yarns  per  inch 

Weight,  OunceS/Square  Yx 

Thickness , MILS 

Tear  Resistance,  Tongue 
Warp  by  Fill,  Pounds 

BreaHnq  Strength,  Ravel  Strip, 
Initial  Warp  4 Fill, 

Pounds/ Inch 

After  100  Hours  Exposure  to 
Accelerated  Weathering  4'  IX 
Elongation 


ETMS-191  . 5050 
ETMS-191  , 5041 
n MS-1 91  , 5030.2 


FTMS-191 , 5134' 


ETMS-191  , 5104' 


FTMS-191,  5804' 


Mrtaking  Strength,  Warp  4 Fill,  Ibs/in.  FTMS-191,  5104 
Percent  of  Initial  Breaking  Strength  Retained 


36  x 36 
Record 

25  (max) 
125  (ml  tv) 


1300  (min) 


36  x 18 
9.50 


264  x 274 


1231  x 1283 


559  x 635 
45.4  x 49.5 


NOTES: 


1.  The  edges  of  the  tear-test  specimen  shall  be  coated  by  dipping  Into  or  brushing  with  an 
adhesive  that  will  preclude  yarn  slipping  while  under  test  { see  6.4). 

2.  Ends  of  specimens  for  Breaking  Strength  Test  shall  be  coated  by  dipping  Into  or  brushing 
with  an  adhesive  that  will  preclude  yarn  slipping  under  test  (see  6.4).  Only  those  parts 
that  are  to  be  held  In  the  clamps  during  test  will  be  so  treated. 

3.  Alternate  Corex  D filters  removed.  Specimens  shall  be  raveled  for  Method  5104  after 
accelerated  weathering. 


i 


^^lillOLiMLLUSTOMtBIC  COATIXG  C0HPOum< 


_ffiyttc*l  f’rpsgrjjit 

Initial 

Tamil#  Strength 
«•  8?CJ9<?'  pt( 

P.  0T66&f6O<>f p*|. 
c.  82C09(3>  p,(. 

Str#s;  ,t  ?oot  Elongation 
4.  H2C39*?> 


P*l 
PS  I 
psl 


P-  3l666f<>09(3)  p,| 
c.  H7C09  (3} 

'Jltlmate  Eloftnatlpn 
1.  «?C)9(?'  t 

P.  0I666T609*1*  X 
c.  42C09<3)  x 

After  Inner* ion  In  Distilled 
Water  (ph  7.0  HJ . 2 ) lt  ,60or 


nu* 

ah 


t.  a?CNl?)  * 

P.  0I666f609(3>  i 
C.  82(W3)  X 

Initial  tensile^'1 
Strenqth  Retained 

*•  1/pst 

P.  DI6S6F&09{3I  x/psl 

c.  «2C09<31  X/ps  I 

*ft*r  Iwwrjion  |„  Medlua  #S 
it  ISIS'*  <20  " 

Volume  Chenae 
*-  82C19'21  x 
P OiW»f$o»^  1 

s.  82C0»(11  x 

Initial  (ensile  (l) 
Mrenqtn  Retained 

a.  K2C19(?)  Vpst 
P UI4»4f4Q9<J>  x/p,, 

t.  S?mt3>  x/psl 

After  Aeeelerited  tteatkertm* 
**r  >UU_ )&vrx  (4J  ^ 

Initial  (ensile 
Strengtk  t*t»tned 

4 0!*6«f64)»lJ>  X/pj, 

P.  «e09*J>  Wi< 
fuel  Cafciuiinetion 

ftUient  UJ. 

#209(?>  N&/  IWliAt 
A#t.ti*e  disked  E.tsteet  Cy, 

«2tl»(2)  mt  ()VIJ|st 


Test  Method  

fntx-wi.  on 

f TUS-SOl , 41)1 

fTHS.&OI,  4121 


fTHS-SDV.  OH 


”*5-401.  6||| 
Pare . 4.8.1 


”*S-*OI.  *211 


on 

Nr#.  t.t.t 


»n*i-i»t,  /)n 

ffin-MI.  kill 
Nr«.  4.4.1 


«!*  9J»1.f0 

Asm  03*1 . *0 

Nee.  *.)  . 9,4 


Asm  OMt-TO 

Nm  ♦.»!  .tj 


_ jaailreetm^ 

i 

4000  (min) 

3000  (min) 

2000  (min) 

1500  (m*n) 

1500  (mas) 

250  (mas) 

300  (min) 

300  (min) 

300  (m<n) 


322/ 

3349 

216C 

1 124 
1160 
1189 

410 

440 

340 


_ 14  Qdyl 

• 

10  0*>i 

14  0*n 

TOOejis 

Record 

Record 

1.6 

1 . 2 

Record 

Record 

2.2 

2.4 

Record 

Record 

1.2 

1.0 

40 

40  (min) 

14/30/5 

82/  24  9 7 

so 

<0  (min) 

107/3596 

93/3118 

so 

25  (min) 

27/164/ 

89/19)4 

- 20  0a» 


.29.0J/S 


*eeord 

tecord 

•word 


Record 

Aecord 

Aetord 


59.) 
52. 1 
80.4 


40 

30 

(mm) 

5)/)  240 

40 

10 

(min) 

51/1*94 

35 

25 

(•In) 

58/12*1 

21.5 

43.0 

94.1 


48/ISSt 

48/16/4 

51/111/ 


« (•»*) 

« (min) 


20  (met) 


3 (»#«) 
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TABU  II  (contlnutd) 


tarts: 


(1)  rh*  p«rt antigt  ttntUt  »tr«ngth  r*Uln*d  It: 

ftnjllt  strtnoth  rtttlrud  ift»r  Iwnarilpn  or  wotharlna  « 100 

Inlttkl  Until*  ItranjlK  yiTui~IctuiTTy  obUlMd  (*vtr*g»  of  3 or  «or»  unplai) 

(2)  Interior  cocpoundt:  All  coapound*  bttwaan  th«  Kt»l»r  cloth  tni  tha  Insldt  Of  tha 

tint.  82C39  (Polyactar,  Block) 

(J)  tutarlor  coapoundt:  All  compound!  t>4tw«*n  tha  k*vl»r  cloth  »nd  th«  outitd*  of  tha 
link.  016600609  (f>otyt*f#r.  Ton)  B2C09  (Polyattar.  Tan) 

(4)  (ipot «d  it  tot  tlongatlon  with  altaruta  Corax  0 fllttrt  In  placa. 
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CHARACTERISTICS  Of  CURED  COATED  FA(«tr 


*I>J cal  wjupun [ i 


Thickness,  MILS 

Wefsht,  ot/sq.  yi 

01 ffuslon  Rate,  Class 
Cl  01/ sq  ft/24  hr4 

Tearing  Strength 
Warp,  Lb. 

Fill,  Lb. 


Only 


Breaking  Strength 


Warp,  Lbs/ In 
fill.  Lbs/ In 

Puncture  Resistance.  Lbs. 

After  500  hrs.  Accelerated 
Weathering  at  100  Ibt/ln 
Initial  Breaking  Strength 
Retained 


TEST  wt lain 

FTHS  191.  5030.1 
FTN$  191,  5041  ^ 


FINS  191.  5134 


FTHS  191,  5102^ 
5804 


FT«S  191.  5120 


jSBMAPH  RLOUIRTlinn  S 


4.4.2 


4.4.3 


..actual  data 


30  - 40 

0.050 

30  - 40 

38.00 

0.05  (MI) 

0.1330 

70 

70 

62 

66 

1300  (min) 

1300  (min) 

1255 

1267 

300  (min) 

311 

“arp,  I Retention 
Fill.  1 Retention 

Lou  Temperature  ( -25°F ) 
Crease  Resistance 


FTHS  191.  5804^} 
5102  I 
FTHS  191.  5804)?) 

5102'  f 


30  (ntnJ 
80  (.In) 


104  (1306  lb/ln) 
103  (1305  lb/ln) 


4.  Appearance  after 
unfolding 


4.4.4 


b.  Diffusion  Rate 
Class  I Only 

f <H/sq  ft/24  hr$ 

4.4.2 

Blocking 

4.4.5 


F ungas  Resistance  FTHS  .9. . S762< J) 

a.  Appearance  after 
burial 


o.  Break  lag  Strength 

“arp.  % Retention 
Fill.  * Retention 


-unesion 

Initial  Lbs/ In  (min) 

After  lasers  Ion  In  dlstlllt 
‘2^f,fJh  °f  ? 0 -2  * >60°f 


FTHS  191.  5I02(,<  J) 


FIHS  Ml,  8011 


4.4.6 


«•  Rounds/ Inch  (atn) 


h Rereent  0»  Initial 
*alue  (min) 

f£s:  '*  Hfo  #s  ,t(J> 

utm  tjof  for  botl( 


*•  Rounds/Inch 


b.  Rereent  of  tnlfta! 
»alu*  (■in) 


No  cracking 
peel Ing  or 
delaal  nation 


No  cracking  peeling 
or  delaainatlon 


0.05  (nan) 

Test  specimens 
shall  separate 
within  5 seconds 


0.1392 

5Hght  Blocking 
(Undusted  Fabric) 
No  Blocking 
(Ousted  Fabric) 


No  cracking, 
blistering, 
or  delamlnatlon 
oF  coated  fabric 
No  Fungas  growth 


50  (min) 

50  (min) 

20 

11?  (1401 
105  (1343 
In/In 
H»t»r  28/32 
*»d  #5  J3/31 

1 b/ 1 r i 
lb/in) 

Ea/Ea 

41/40 

42/40 

42  Oa^s 
10«>  s(«) 
or  or 

14  Pays 
ln/ln  ra/Ea 
19/20  36/38 

42  Days 
I"/ In  Ea/Ea 
16/15  33/33 

30(4)  2o(4) 

62/63  88/95 

64/47  80/83 

,4  °*y»  42  Days 

I0(4>  ,0M) 

or  9, 

15/16  18/17 

»/"  15/15 

40(4^  jo<*) 

45/52  43/43 

39/35  36/  38 
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TABLE  III  (Continued) 


NOTES: 


1.  Properties  after  cure. 

2.  Specimens  shall  be  prepared  by  stripping  two  (2)  threads  from  each  side  of  the 
specimens.  (The  specimens  shall  be  1.0  inch  wide  after  removal  of  threads.) 

If  thread-stripping  is  not  possible,  extreme  care  shall  be  taken  to  cut  specimens 
parallel  to  and  following  the  curvature  of  the  threads  of  the  fabric. 

3.  Specimens  shall  be  exposed  to  accelerated  weathering  before  stripping  or  cutting 
to  1.0-inch  width.  (Note  1).  Specimens  shall  be  tensioned  in  the  direction  of 
the  6-1nch  length,  under  a stress  of  100  Ib/in  +5  Ib/in  for  60  seconds.  While 
still  under  stress  the  specimen  shall  be  clampe?  to  maintain  the  Initial  (one 
minute)  elongation  without  slippage.  While  still  so  elongated,  specimens  shall 
be  exposed  by  Method  5804  of  FED.  TEST  METHOD  STD.  191,  with  the  tank  exterior 
coating  facing  the  carbon  arc.  Alternate  Corex  D filters  shall  be  removed  during 
test. 

4.  Whichever  is  the  greater  requirement. 

5.  Method  5/62  except  that  the  specimens  shall  be  prepared  by  Note  1,  after  soil  burial 
and  the  number  of  specimens  shall  be  reduced  from  40  to  12.  Leaching  of  the  specimens 
is  unnecessary. 

6.  Medium  No.  5 of  Mnthod  6001  of  FED.  TEST  METHOD  STD.  631. 
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TABLE  IV 


CHARACTERISTICS  OF  CURED  SEAMS 


PURCHASE  IK  SCRIPT  1011 


PHYSICAL  PROPER!  HS TEST  METHOD PARAGRAPH 


Seam  breaking  strength,  shear 
adhesion,  initial,  lbs/ In 

Seam  coat  adhesion,  initial 
lbs/ in 

After  (emersion  in  distilled 
water,  ph  nf  7.0  +2  6 160°F 
^2°F  for  both 

1.  Seam  breaking  strength 
a.  pounds/in  (min) 

2.  Peel  adhesion 

a.  Pounds/tnch  (min)  or 

b.  Percent  of  initial 
value  (min) 

After  immersion  in  MED  #5 
61 60°f  for 

1.  Seam  breaking  strength 
a.  Pounds/ inch  (min) 

2.  Peel  Adhesion 

a.  Pounds/inch  (min)  or 


FfflS-601,  8311  *.*.7 

FTMS-601.  8011 

FTMS-60! , 8311/6001  4.4.7 

FTMS-601.  8011/6001  4.4.7 

FTMS-601 . 8311/6001  4.4.7 

4.4.7 


b.  Percent  of  initial  value  (min) 

Dead  load  shear  resistance 
(Initial) 


RCQUIilCMC.’ITS  ACTUAL  DATA 


1200^ 

(min) 

1192 

14  Oays 

42  Oays 

25 

(min) 

TTxTlTHT 
Water  31  21 

MED  <5  27  21 

(Ex)  (In) 
27  14 

33  17 

14  Days 

42  Days 

14  Oays 

42  Days 

850 

400 

1010 

924 

(Ex)  (in) 

(Ex) 

(In) 

10*3* 

5<J> 

22  16 

17 

8 

or 

or 

40(J> 

-f5(3) 

71  76 

63 

57 

14  Days 

42  Oays 

14  Oays 

42  Days 

850 

400 

1095 

1106 

(Ex)  (In) 

(Ex) 

(In) 

15<3> 

15<3> 

10  12 

11 

11 

or 

or 

so(3) 

50(31 

37  57 

33 

64 

SI ippage  or  separation 
under  stress  of  100  Ib/in 
6 200°f  for  8 hours, 
inch  (max) 


4.4.8  0. 125 


0.00 


HOTES'. 

1.  Properties  after  cure. 

2.  All  specimens  must  break  In  the  coated  fabric.  Failure  of  any  specimen  In  a seam 
area  at  any  value  shall  constitute  failure  of  this  test. 

3.  Whichever  isthe  greater  requirement. 

4.  (Ex)  • Exterior 
(In)  • Interior 


29 


1AC  19-1206 


I 


cha«act£ri$t tcs  of  jgjjoco  mttiics(I) 


TAKt  V 


WjjjCHAH  OtjCAIPTjOjl 


PHYSICAL  WOP1HTICS  T£5T  MCTHOO PARAQ8APH glgUlgtMjgTS 


ACTUAL  DAT* 


Shear  adhesion,  fitting 


to  coated  fabric  bond 

Initial.  16/  Inch 

4.4.9  A 

4. 4. 9.1 

1000  («<n) 

17)6 

Peel  adhesion.  aluminum 
strip  to  coated  fabric 
initial , lb/tnch 

4.4.10 

45 

(•In) 

2) 

Bond  after  Immersion  In 
distil  led  water,  ph  of 

7.0  *0.2 , * I60“f  for  both 

14  Oays 

4 2 Days 

14  Days 

42  Pays 

1.  Shear  adhesion 

pounds/fnch  (min) 

700 

500 

1655 

1)66 

2.  Peel  adhesion 

a.  pounds/inch  (win) 

FINS  601.  80 71 

4.4.10.1 

25<*> 

,5(2) 

14 

14 

b.  1 of  Initial 
value  (min) 

or 

45U) 

or 

JO(J) 

61 

61 

Bond  after  Immersion  in 

NED  as  » I60°f  for 

14  Days 

4?  Days 

14  Days 

42  U4ys 

1.'  Shear  adhesion 

pounds/ Inch  (win) 

400 

MO 

16)9 

1166 

2.  Peel  adhesion 

a.  pounds/ Inch  (min) 

f ms  601.  80)1 

4.4.10.1 

»<*> 

10(J) 

4 5 

2.) 

b.  i of  initial  value  (■!■) 

so<*> 

to 

10 

Dead  load  Adhesion 

Slippage  or  Separation 

Under  100  lb/ In  Stress 
» 200°F  for  B hours, 
inch  (aaa) 

4.4.9. J 

a 

MS 

o.ae 

NOfjV 

1.  Proper t i es  after  tore 

2.  Whichever  is  greater  reguireeent 
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TABLE  VI 


METAL  PEEL  ADHESION  RETEST  DATA 


Peel  Adhesion,  Aluminum 

Strip  To  Coated  Fabric  Original  14  Days  42  Days 


After  Inversion  In 

Distilled  Water  (ph  Ibs/in.  49  (1)  34  (1) 

of  7.0  t 0.2  } at  160°r  24  (2) 


35  (1) 
10  (2) 


After  Immersion  In 

Medium  #5  at  160°F  Ibs/in. 


37  (1)*(2)  18  (l)+(2)  5 (2) 

3 (2)  3 (2) 


Failure  Locations: 

(1)  Adhesive  to  Cloth 

(2)  Adhesive  to  Metal 


